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(54) Method of preparing amino-, imino- and nitrilocarbonxylic acids and silver-promoted copper 

catalyst for use in said method 



(57) A method is described for preparing amino-, 
imino-, and nitrilocartooxylic acids of formula 

R1R2R3N, (I) 

and alkaline salts of these, here R1 , R2, and R3, which 
may be the same or different, represent: ydrogen, n 
alkyl group having 1-10 C atoms, carboxyalkyl group 
having 1-10 C atoms [in the alkyl moiety], n aminoalkyl 
group having 1 -10 C atoms [in the alkyl moiety], carbox- 
ycydoalky! group having 3-6 C atoms [in the cycloalkyl 
moiety], a cycloalky I- alkyl group having 3-6 C atoms in 
the cycloalkyl moiety and 1 -1 0 C atoms in the alkyl moi- 
ety and having a carboxy group substituent, or an alkyl- 
cycloalkyl group having 1-10 C atoms in the alkyl moiety 
and 3-6 C atoms in the cycloalkyl moiety and having a 
carboxy group substituent; wherewith said alky! groups 
may be linear or branched; and wherewith at least one 
of the groups R does not represent hydrogen; the 
method comprising: 



the reaction medium, and (optionally) purifying said 
salts or converting them to the corresponding 
amino acids by precipitation in acid medium; 

(c) separating the catalyst from the reaction 
medium, washing said catalyst with demineralized 
water, and (optionally) recycling the catalyst to re- 
use in step (a) [(of the same or another production 
run)]; and 

(d) recovering and collecting the hydrogen liberated 
in the reaction. 

Also described is a catalyst for use in the described 
method. The catalyst is comprised of a Raney-type cat- 
alyst comprised of copper promoted with 50-5000 ppm 
silver supplied as follows: 

- incorporated in an alloy; 

- deposited on [the] surface from salts of silver; or 

- in a physical mixture comprising finely divided 
metallic silver. 



(a) subjecting alkanolamines of formula 

RITOWN, (II) 

wherein the groups R' have the same significations 
as set forth above for the groups R, except that the 
aforesaid carboxy groups are hydroxyl groups, 
to an oxidative dehydrogenation reaction in aque- 
ous alkaline medium in the presence of a copper 
catalyst of the Raney type promoted with 50-5000 
ppm silver; 

(b) separating the resulting carboxylate salts from 



The compounds of formula (I) have been found to 
be important synthesis intermediaries, e.g. in prepara- 
tion of N-phosphonomethylglycine (the herbicidal agent 
known as glyphosate). 
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Description 



[0001] A method is described for preparing amino-, imino-, and n itri locarboxylic acids, and their alkaline metal salts, 
starting with alkanolamines. The method employs oxidative dehydrogenation of the alkanolamine(s) in an alkaline 
5 hydroxide medium, using as a catalyst a silver-promoted activated copper. 

[0002] Also described is a silver-promoted activated copper catalyst for used in said method. 

[0003] The subject amino-, imino-, and nitrilocarboxylic acids have the following formula: 



10 



R1R2R3N , 

where R1 , R2, and R3, which may be the same or different, represent: 



(0 



hydrogen, 

an alkyl group having 1-10 C atoms, 

is a carboxyalkyl group having 1-10 C atoms [in the alkyl moiety], an aminoalkyl group having 1-10 C atoms [in 

the alkyl moiety], 

a carboxycycloalkyl group having 3-6 C atoms [in the cycloalkyl moiety], 
a cyclo alkyl -alkyl group having 3-6 C atoms in the cycloalkyl moiety and 1- 
1 0 C atoms in the alkyl moiety and having a carboxy group substituent, or 
20 an alkyl-cyctoalkyl group having 1 -1 0 C atoms in the alkyl moiety and 3-6 C 

atoms in the cycloalkyl moiety and having a carboxy group substituent; 

wherewith said alkyl groups may be linear or branched; 

and wherewith at least one of the groups R does not represent hydrogen. 

25 

[0004] The described method comprises the following: 

(a) Subjecting alkanolamines of formula 



30 RISTON, (II) 

wherein the groups R’ have the same significations as set forth above for the groups R, except that the aforesaid 
carboxy groups are hydroxyl groups, to an oxidative dehydrogenation reaction in aqueous alkaline medium in the 
presence of a copper catalyst of the Raney type promoted with 50-5000 ppm silver; 

35 (b) Separating the resulting carboxylate salts from the reaction medium, and (optionally) purifying said salts or con- 

verting them to the corresponding amino acids by precipitation in acid medium; 

(c) Separating the catalyst from the reaction medium, washing said catalyst with demineralized water, and (option- 
ally) recycling the catalyst to re-use in step (a) [(of the same or another production run)]; and 

(d) Recovering and collecting the hydrogen liberated in the reaction. 

40 

[0005] The compounds of formula (I) have been found to be important synthesis intermediaries, e.g. in preparation 
of N-phosphonomethylglycine (the herbicidal agent known as glyphosate). 

[0006] The activated copper, promoted with silver [e.g.] via silver salts, has the advantage that reactivation with 
each re-use [of the catalyst] is not required. If an un -promoted activated copper is used, or if an activated copper pro- 
45 moted with a metal (or metals) other than silver (e.g. chromium, nickel, molybdenum, tungsten, vanadium, titanium, nio- 
bium, manganese, zirconium, cobalt, or mixtures of these) is used, the catalyst activity fades rapidly with successive 
reactions. 

[0007] For the better part of 200 years, it has been known to convert alcohols to alkaline metal salts of the corre- 
sponding carboxylic acids by heating the alcohols with alkaline metal hydroxides (Dumas, 1 840, 35 Ann . 129-73). 
so [0008] The reaction has been extended to aminoalcohols; when these are heated in the presence of an alkaline 
metal compound they undergo oxidative dehydrogenation to yield the alkaline metal salt of the corresponding amino- 
or iminoadd; this occurs even without a catalyst (U.S. Pat. 2,384,816), preparation of glycine in low yield from dieth- 
anolamine and KOH). Known catalysts for use with this reaction include, e.g., cadmium oxide, zinc oxide, palladium, 
platinum, and activated copper. Hydrogen is liberated. Oxygen or a gas containing oxygen may be introduced to form 
55 water from the hydrogen and thereby avoid hazardous accumulations of hydrogen. 

[0009] Examples from the patent literature: 



-- U.S. 2,384,817 (1945), preparation of glycine from monoethanolamine (MEA) and potassium hydroxide at ele- 
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vated temperature, in an anhydrous medium, with an activated copper catalyst (low yield); 

- U.S. 3,842,081 (1974), preparation of iminodiacetic acid (IDA) from diethanolamine (DEA) and potassium hydrox- 
ide, with a cadmium oxtde catalyst (good yield, but cadmium Is deemed a toxic substance); 

-- U.S. 3,578,709 (1971), preparation of nitrilotriacetic acid (NTA) from triethanolamine (TEA) and an alkaline metal 
5 hydroxide, with a zinc oxide catalyst (low yield); 

-- Jap. Pat. 53/7709, preparation of IDA and NTA from DEA and TEA, [respectively,] in a sodium oxide medium, with 
a catalyst comprised erf Pd or Pt supported on carbon, with injection of oxygen or a gas containing oxygen (low 
yields, in the order of 70%, and costly precious metal catalysts used to produce a product of relatively low net 
value); 

10 ~ U.S. Pat 4,782,1 83, preparation of glycine, IDA, and NTA, from MEA, DEA, and TEA, respectively, and a hydrox- 

ide of an alkaline metal in aqueous medium, with an activated copper catalyst, at pressures up to 980 kPa (conver- 
sion very good) (as in the preceding examples, hydrogen liberated in the amount of 2 hydrogen atoms per acetic 
group, and the further disadvantage pertains that the copper cannot be re-used but must be replaced by fresh cop- 
per for each synthesis am, because it becomes depleted (poisoned) in a single use); 
is — U.S. 5,367,1 12 (1 994), preparation of glycine, IDA, and NTA, from MEA, DEA, and TEA, respectively, under the 
same conditions as in the above-cited patent, but wherewith the activated copper catalyst is promoted with 50- 
10,000 ppm of an element selected from the group comprising chromium, titanium, niobium, tantalum, tungsten, 
zirconium, vanadium, molybdenum, manganese, cobalt, nickel, or a mixture of these, the concentration of the cat- 
alyst being very high, viz, double that used according to U.S. Pat. 4,782,183; 

20 - U.S. Pat. 5,225,592 (1993), preparation of glycine, IDA, and NTA, from the corresponding alkanolamines and 

sodium hydroxide, with an activated copper [catalyst], all in aqueous medium and with injection of oxygen or an 
oxygen-containing gas to avoid emission of hydrogen, the avoidance being achieved viz. by formation of water with 
the oxygen. Pressure of the system maintained at values up to 1 1 ,765 kPa. Drawback again that a new catalyst 
must be used for each synthesis run; 

25 - [PTO Pat App.] WO 92/06069, regeneration of activated copper used as a catalyst in synthesis of acetic acid 

derivatives, e.g. preparation of glycine, IDA, and NTA via oxidative dehydrogenation of MEA, DEA, and TEA, 
respectively. The regeneration is needed because the catalyst loses substantial activity, wherewith in practice 
[{absent regeneration)] it cannot be used more than once and therefore is not economical for industrial applications. 
In the regeneration, after each synthesis run the copper is treated in an aqueous solution of formaldehyde. A draw- 
30 back is that effluents resulting from formaldehyde solutions are bactericidal, which creates a disposal problem. 

[0010] As mentioned above, the above-described Raney copper catalysts, possibly promoted with chromium, 
molybdenum, titanium, niobium, tantalum, vanadium, zirconium, manganese, tungsten, cobalt, nickel, or with mixtures 
of these, all experience an appreciable loss of activity with successive uses after the first synthesis run, necessitating 
35 re-activation. The loss of activity is attributable to formation of cuprous and cupric oxides on the surface of the copper 
particles. 

[ 0011 ] Surprisingly, it was discovered, in connection with the present invention, that the herein described incorpo- 
ration of silver in the activated copper will greatly increase the catalyst yield as well as substantially increasing the 
number of synthesis runs for which the catalyst can be used (and re-used). Moreover, savings in catalyst used of up to 
40 50 % can be achieved in comparison to the amounts needed according to the above-described prior art patents. The 

effect is believed to be due to electrochemical protection of the copper by the silver, which reduces or prevents oxidation 
of the copper, according to the principle whereby the ratio of the areas of the cathode (Cu) and anode (Ag) is a factor 
in determining whether or not the less noble metal [(Cu)] corrodes. 

[ 0012 ] The basis for this is that for a given current in an electrochemical cell the current density at an electrode 
45 depends on the area of the electrode, wherewith the current density is larger for a smaller electrode and vice versa. 
Accordingly, when one has an anode [sic - evidently should be cathode] comprised of a less noble metal (Cu) with a 
surface area much greater than that of the cathode [sic --evidently should be anode] comprised of a more noble metal 
(Ag), the current density at the anode will be much less than that at the cathode, and therefore the corrosion suffered 
by the anode will be minimal. This protective effect, which can be observed by the naked eye as a simple color change 
so if the catalyst is used without a promoter, in comparison to no color change in the promoted catalyst, was clearly estab- 
lished by examination in an electron microscope at magnifications of 1 50 X and 5000 X. Particles of un-promoted acti- 
vated copper, and particles of silver-promoted activated copper as described in the present patent application, were 
subjected to such an examination before and after use, which examination revealed significant differences in the 
appearance of the un-promoted compared to the promoted activated copper, which stemmed from structural differ- 
55 ences in the particles. The micrographs of the un-promoted Raney copper taken before and after use [of the catalyst] 
appeared very different - the unused particles had a surface which, while irregular, had a uniform and continuous sur- 
face appearance, whereas the used particles showed areas of reduced thickness, with deep fissures and meandering 
depressions. In contrast, the silver-promoted copper particles had nearly the identical appearance before and after use, 
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indicating a chemical and electrochemical protective effect of the silver on the copper. Consequently, the silver-pro- 
moted Raney copper catalyst had a longer service life than the un-promoted Raney copper catalyst 
[001 3] The aminoalcohols which may be used in the context of the claimed method are: ME A, DEA, TEA, N-meth- 
ylethanolamine, N-ethylethanolamine, N-ispropylethanolamine, N-butylethanolamine, N-nonylethanolamine, N-(2-ami- 
5 noethyi)ethanolamine, N-(3-aminopropyl)ethanolamine, N.N-dimethylethanolamine, N,N-diethylethanoiamine, N,N- 
dlbutylethanolamine, N-methyl-N.N-diethanolamine, N-ethyl-N,N-diethanolamine, N-isopropyl-N.N-diethanolamine, N- 
butyl-N.N-diethanolamine, N-ethyl-N-(2-aminoethyl)ethanolamine, and N-methyl-N-(3-aminopropyl)ethanolamine. 
[0014] The initial concentration of the aikanolamines may be in the range 15-35 wt% (based on the total initial 
weight of the reaction components), preferably 26-30 wt.%. For concentrations above 30 wt.%, solubility problems may 
io be encountered, and for concentrations below 26 wt%, correspondingly lower productivity is experienced. 

[001 5] The silver-promoted Raney copper catalyst is comprised of copper activated by treating an AI-2Cu alloy with 
sodium hydroxyde, by methods which are per se known. The silver promoter is incorporated in the alloy; or is applied 
by precipitation on the activated copper by treatment in alkaline medium, from silver salts such as the nitrate, fluoride, 
chlorate, perchlorate, or lactate, or is provided via simple mixture of activated copper with 50-5000 ppm of finely divided 
15 metallic silver. 

[0016] The amount of catalyst added is in the range 5-25 [wt]% (based on the [weight of the] alkanolamine to be 
reacted), preferably 8-12 [wt.]%. At these concentrations, better results are obtained than with un-promoted Raney cop- 
per catalyst, or with a Raney copper catalyst promoted with chromium, vanadium, titanium, molybdenum, tungsten, 
manganese, cobalt, nickel, or mixtures of these [(sic — omits niobium, tantalum, and zirconium)]. 

20 [0017] The solvent is water, to which an alkaline hydroxide has been added in a molar ratio with respect to the 

alkanolamine which is in the range (stoichiometric) to (stoichiometric + 15%); preferably the alkaline hydroxide is added 
in a stoichiometric amount or in a 5% molar excess. The hydroxide may be that of any alkaline metal (e.g. lithium, 
sodium, or potassium), provided that the salts of said hydroxide with the synthesized amino acid are soluble in the reac- 
tion medium at the synthesis temperature [and pressure]. 

25 [0018] The reaction is carried out at 100-220°C, preferably 120-190°C, at a pressure in the range 490-1470 kPa, 

preferably 784-1170 kPa, particularly preferably 883-980 kPa. 

[0019] The conversion of the alkanolamine to the corresponding amino acid occurs with liberation of hydrogen. The 
hydrogen may be compressed and stored for use in other processes. 

[0020] The invention will be illustrated by way of the following Examples, 
so 

Example 1 [(comparison example)]: 

[0021] In this Example, the results obtained are those from a method of preparing an amino acid from an 
alkanolamine, wherewith the catalyst used is an activated copper catalyst which is not promoted (doped) with another 
35 metal. 

[0022] Into a 3.5 I pressure reactor comprised of type “31 6" stainless steel and having an agitator, there were 
charged: 

- 1070 g (10 mol) 99% diethanolamine (DEA); 

40 - 1 739 g (20 mol) 46 wt% [aqueous] NaOH; 

-- 2033 g demineralized water; and 

..- 115.5 g (dry basis) activated copper (Raney-type product) (comprising 210 g of 55 wt.% copper preparate in 
water). 

45 [0023] With the reactor hermetically sealed, the mixture was heated to a point of temperature 1 20°C, pressure 980 

kPa, at which time purging of the H 2 produced [sic - evidently purging with nitrogen] was begun, in a manner such that 
the temperature [rose] to 160-180°C, with the pressure being maintained at 882-980 kPa. The reaction was continued 
under these conditions [of temperature and pressure, with agitation], until no further hydrogen appeared to be emitted 
[(based on monitoring)], which took 4 hr. Continuing the agitation, the resulting solution of sodium iminodiacetate with 
so suspended activated copper was cooled to 70°C. The solution of [sodium] iminodiacetate [was separated out and] was 
sent to precipitation of iminodiacetic acid. 

[0024] The activated copper was washed with demineralized water, fresh copper [catalyst] in the amount of 2.5 
[wt]% was added (dry basis) [(sic -- evidently 0.025 x the 1 15.5 g originally employed)] to compensate for the losses in 
handling, and the activated copper [catalyst preparate] was then re-used in a new synthesis. 

55 [0025] [The procedure was repeated, thereby testing the catalyst in 1 initial and 2 re-uses.] 

[0026] The resuits are set forth in Table 1 . 
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Table 1 



Conversion of DEA to IDA (iminodiacetic acid), in a number of syn- 
thesis runs, using (and re-using) as catalyst the same activated 
copper catalyst: 


Synthesis run 


Conversion to IDA (%) 


Reaction time (hr) 


1 


99.8 


4.0 


2 


8B.7 


4.5 1 


3 


68.2 


5.0 1 



Footnote 1 : After this period of time, the reaction rate had slowed to 
essentially zero, with no more hydrogen being liberated, wherewith 
the intermediate formed [which was present at that time] was not cat- 
alyzed to be finally converted to IDA. 



Example 2 : 

20 

[0027] The process was carried out with the same equipment, the same concentrations of raw materials, and the 
same conditions of pressure and temperature as in Example 1 , but the activated copper employed was promoted with 
1 000 ppm chromium, which was incorporated in an alloy, AI-2Cu. The results of the experiments are presented in Table 
2 . 

25 



Table 2 



Conversion of DEA to IDA (Iminodiacetic add), in a number of synthesis runs, 
using (and re-using) as catalyst the same activated copper catalyst (promoted with 
1000 ppm chromium Incorporated In an alloy [AI-2Cu]): 


Synthesis run 


Conversion to IDA (%) 


Reaction time (hr) 


1 


99.5 


4.5 


2 


70 


5.0 1 



Footnote 1 : After this period of time, the reaction rate had slowed to essentially zero, 
with no more hydrogen being liberated, wherewith the intermediate formed [which was 
present at that time] was not catalyzed to be finally converted to IDA. 



40 

Example 3 : 

[0028] The process was carried out with the same equipment, the same concentrations of raw materials, and the 
same conditions of pressure and temperature as in Example 1 , but the activated copper employed in each synthesis 
45 [run] was promoted with 1 00 ppm chromium, which was added in the form of a [sic] salt. The results of the experiments 
are presented in Table 3. 
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Table 3 



Conversion of DEA to IDA (iminodiacetic acid), in a number of synthesis runs, using 
(and re-using) as catalyst In each synthesis [run] the same activated copper catalyst 
(promoted with 100 ppm chromium In the form of a [sic] salt): 


Synthesis run 


Conversion to IDA (%) 


Reaction time (hr) 


1 


99.9 


4.5 


2 


91.8 


5.0 1 


3 


84 


5.7 1 


4 


68 


6 1 



Footnote 1 : After the stated period ol time, the reaction rate had slowed to essentially zero, 
with no more hydrogen being liberated, wherewith the Intermediate formed [which was 
present at that time] was not catalyzed to be finally converted to IDA. 



Example 4 : 

20 

[0029] The process was carried out with the same equipment, the same concentrations of raw materials, and the 
same conditions of pressure and temperature as in Example 1 , but the activated copper employed was promoted with 
1 000 ppm silver, which was added in the form of silver nitrate in the first synthesis run. 

[0030] The results of the experiments are presented in Table 4. 

25 



Table 4 



Conversion of DEA to IDA (Iminodiacetic acid), In a number of synthesis runs, using (and 
re-using) as catalyst the same activated copper catalyst (promoted with 1 000 ppm sliver 
added In the form of sliver nitrate In the first synthesis run): 


Synthesis run 


Conversion to IDA (%) 


Reaction time (hr) 


1 


96.8 


4.5 


2 


92.0 


5 1 


3 


89.6 


5.5 1 


4 


90.3 


5.5 1 


5 


88.9 


5.3 1 


8 


90.0 


5.6 1 


10 


89.1 


5.5 1 



Footnote 1 : After this period of time, the reaction rate had slowed to essentially zero, with no 
more hydrogen being liberated, wherewith the intermediate formed [which was present at that 
45 time] was not catalyzed to be finally converted to IDA. 



Example 5 : 

50 [0031] The process was carried out with the same equipment, the same concentrations of raw materials, and the 

same conditions of pressure and temperature as in Example 1 , but the activated copper employed was promoted with 
1 000 ppm silver, which was added in the form of silver fluoride in the first synthesis run. 

[0032] The results are presented in Table 5. 
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Table 5 



Conversion of DEA to IDA (iminodiacetic acid), in number of synthesis runs, using (and 
re-using) as catalyst the same activated copper catalyst (promoted with 1000 ppm sliver 
added in the form of sliver fluoride In the first synthesis run): 


Synthesis run 


Conversion to IDA (%) 


Reaction time (hr) 


1 


93.5 


4.0 


2 


91.7 


4.6 1 


3 


88.6 


5.0 1 


4 


90.4 


4.8 1 


5 


88.4 


5.1 1 


8 


90.3 


5.3 1 


10 


89.3 


5.1 1 



Footnote 1 : After this period of time, the reaction rate had slowed to essentially zero, with no 
20 more hydrogen being liberated, wherewith the intermediate formed [which was present at that 

time] was not catalyzed to be finally converted to IDA. 



Example 6 : 

25 

[0033] Into a 15 L pressure reactor comprised of type "316" stainless steel and having an agitator, there were 
charged: 

-- 2921 g (27.3 mol) 99% diethanolamine (DEA); 

30 - 4747.5 g (54.6 mol) 46 wt.% [aqueous] NaOH; 

- 5550 g demineralized water; and 

— 315.3 g (dry basis) activated copper (Raney-type product), 

promoted with 1 000 ppm silver added during the formation of an aluminum alloy, Al-2Cu. 

35 [0034] With the reactor hermetically sealed, the mixture was heated to a point of temperature 120°C, pressure 980 

kPa, at which time purging of the H 2 produced [sic - evidently purging with nitrogen] was begun, in a manner such that 
the temperature [rose] to 1 60-1 80°C, with the pressure being maintained at 882-980 kPa. The reaction was continued 
under these conditions [of temperature and pressure, with agitation], until no further hydrogen appeared to be emitted 
[(based on monitoring)]. This practical end point was reached in 4.2 hr in the first synthesis run; the tenth synthesis run 
40 took 25% more time. Continuing the agitation, the resulting solution of sodium iminodiacetate with suspended activated 
copper was then cooled to 70°C. The solution of [sodium] iminodiacetate [was separated out and] was sent to precipi- 
tation of iminodiacetic acid. 

[0035] The activated copper was washed with demineralized water, fresh copper [catalyst] in the amount of 2.5 
[wL]% was added (dry basis) [(sic - evidently 0.025 x the 31 5.3 g originally employed)] to compensate for the losses in 
45 handling, and the activated copper [catalyst mixture] was then re-used in a new synthesis. 

[0036] [The procedure was repeated, thereby testing the catalyst in 1 initial and 9 re-uses.] 

[0037] The results are set forth in Table 6. 
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Table 6 



Conversion of DEA to IDA (iminodiacetic acid), in a number of synthesis runs, using (and 
re-uslng) as catalyst the same activated copper catalyst (promoted with 1 000 ppm silver 
added during the formation of an aluminum alloy, AI-2Cu): 


Synthesis run 


Conversion to IDA (%) 


Reaction time (hr) 


1 


96.0 


42 


2 


93.4 


4.5 


3 


90.5 


4.9 1 


4 


90.6 


4.8 1 


5 


89.7 


5.0 1 


8 


87.5 


4.9 1 


10 


90.1 


5.4 1 



Footnote 1 : After this period of time, the reaction rate had slowed to essentially zero, with no 
20 more hydrogen being liberated, wherewith the intermediate formed [which was present at that 

time] was not catalyzed to be finally converted to IDA. 



Example 7 ; 

25 

[0038] The process was carried out with the same equipment, the same concentrations of raw materials, and the 
same conditions of pressure and temperature [,with agitation,] as in Example 6, but the activated copper employed was 
promoted with 1 000 ppm silver, which was added in granular form in the first synthesis run. 

[0039] The results are presented in Table 7. 

30 



Table 7 



Conversion of DEA to IDA (iminodiacetic acid), in a number of synthesis runs, 
using (and re-uslng) as catalyst the same activated copper catalyst (pro- 
moted with 1000 ppm silver added In granular form): 


Synthesis run 


Conversion to IDA (%) 


Reaction time (hr) 


1 


95.5 


4.5 


2 


93.1 


5.0 


3 


90.1 


5.5 1 


4 


90.0 


5.6 1 


5 


88.5 


5.6 1 


8 


87.0 


5.5 1 


10 


89.8 


5.8 1 



Footnote 1: After this period of time, the reaction rate had slowed to essentially 
zero, with no more hydrogen being liberated, wherewith the intermediate formed 
[which was present at that time] was not catalyzed to be finally converted to IDA. 



Claims 

55 1 . A method of preparing amino-, imino-, and nitrilocarboxylic acids of formula 

R1R2R3N , (I) 
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and alkaline salts of these, 

where R1, R2, and R3, which may be the same or different, represent: 

5 hydrogen, 

an alkyl group having 1-1 0 C atoms, 

a carboxyalkyl group having 1 -1 0 C atoms [in the aJkyl moiety], 
an aminoalkyl group having 1 -1 0 C atoms pn the alkyl moiety], 
a carboxycycloalkyl group having 3-6 C atoms [in the cydoalkyl moiety], 
io a cydoalkyl-alkyl group having 3-6 C atoms in the cycloalkyl moiety and 

1 -10 C atoms in the alkyl moiety and having a carboxy group substituent, or 

an alkyl-cycloalkyl group having 1-10 C atoms in the alkyl moiety and 3-6 C atoms in the cycloalkyl moiety 
and having a carboxy group substituent; 

is wherewith said alkyl groups may be linear or branched; 

and wherewith at least one of the groups R does not represent hydrogen; characterized in that the method 
comprises the folbwing: 

(a) subjecting alkanolamines of formula 

20 

RVR^Rm (II) 

wherein the groups R‘ have the same significations as set forth above for the groups R, except that the 
aforesaid carboxy groups are hydroxyl groups, 

25 to an oxidativede hydrogenation reaction in aqueous alkaline medium in the presence of a copper catalyst 

of the Raney type promoted with 50-5000 ppm silver; 

(b) separating the resulting carboxylate salts from the reaction medium, and (optionally) purifying said 
salts or converting them to the corresponding amino acids by precipitation in acid medium; 

(c) separating the catalyst from the reaction medium, washing said catalyst with demineralized water, and 

30 (optionally) recycling the catalyst to re-use in step (a) [(of the same or another production run)]; and 

(d) recovering and collecting the hydrogen liberated in the reaction. 

2. A method according to claim 1; characterized in that the initial concentration of the alkanolamina in the reaction 
step is in the range 15-35 wt% (based on the total weight of the reaction components), preferably 26-30 wt.%. 

35 

3. A method according to claim 1 ; characterized in that the reaction is carried out at a temperature in the range 1 00- 
200°C, preferably 120-1 90°C. 

4. A method according to claim 1 ; characterized in that the reaction is carried out at a total pressure in the range 490- 

40 1470 kPa. 

5. A method according to claim 1; characterized in that the reaction is carried out in the presence of an alkaline 
hydroxide which is present (added) in a molar amount with respect to the alkanolamine of in the range (stoichio- 
metric) to (stoichiometric + 1 5%). 

45 

6. A method according to claim 1 ; characterized in that the amount of catalyst provided in the reaction step is in the 
range 5-25 wt% (based on the weight of the alkanolamine), preferably 8-12 wt.%. 

7. A catalyst for use in the method according to claim 1 ; characterized in that said catalyst is a Raney-type catalyst 
50 comprised of copper promoted with 50-5000 ppm silver supplied as follows: 

- incorporated in an alloy; 

- deposited on [the] surface from salts of silver; or 

- in a physical mixture comprising finely divided metallic silver. 

55 



9 




0*0 FORM 1503 03.82 (P04C01) 



EP1 067 114 A1 



European Patent 
Offlca 



EUROPEAN SEARCH REPORT 



Application Number 

EP 00 11 3545 



DOCUMENTS CONSIDERED TO BE RELEVANT 

Category Ciation o 1 document with indication, where appropriate, 

^ 7 of relevant passages 

A US 5 292 936 A (FRANCZYK THADDEUS S) 

8 March 1994 (1994-03-08) 

* the whole document * 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnlCL7) 



C07C227/02 

B01J23/89 



A EP 0 620 209 A (MONSANTO CO) 

19 October 1994 (1994-10-19) 

* abstract * 

D & US 5 367 112 A 

22 November 1994 (1994-11-22) 

A,D WO 92 06069 A (ERCROS SA) 

16 April 1992 (1992-04-16) 

* abstract * 



A,D US 2 384 817 A (HENRY C. CHITWOOD ET AL.) 1,7 

18 September 1945 (1945-09-18) 

* page 1, coluim 2, line 15 - line 26; 
claim 1 * 

A.D US 4 782 183 A (GOTO TAKAKIYO ET AL) 1,7 
1 November 1988 (1988*11-01) 

* abstract; claims 1-17 * 

A EP 0 513 396 A (NIPPON CATALYTIC CHEM IND) 1,7 

19 November 1992 (1992-11-19) 

* abstract; claims 1-5 * 

A EP O 502 167 A (ERCROS SA) 

9 September 1992 (1992-09-09) 

* abstract; claims 1-10 * 

D & US 5 225 592 A 6 July 1993 (1993-07-06) 

A WO 93 17787 A (ISP INVESTMENTS INC) 

16 September 1993 (1993-09-16) 

* page 1, line 19 - line 24 * 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 



The present search report has been drawn up tor afl claims 



Place or Mvch 

BERLIN 



CATEGORY OF CITED DOCUMENTS T ; thee 



Oats at congestion e i the search 


Burriref 


5 October 2000 


Rufet, J 



X : partou tarty relevant f taken alone 
Y : patrticu tarty r e le v ant I contained with another 
dooumentaf the eame category 
A : technological background 
O : non* written draofeaura 
P : intermediate document 



T ‘.theory or prtnopie underlying the invention 
E : earlier patent document, but pubbbed on, or 
after the ffing date 
D : document ofted In the application 
L: document afied ter other reasons 

A : menfcer of the lime patent fendy, oarveaporafiog 
document 



10 








EP 1 067 114 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 00 11 3545 



This annex fists the patent family member* relating to the patent documents cited in the above-mentioned European search report 
The members are as contained in the European Patent Office ED P file on 

The European Patent Office is in no way Sable for these particulars which are merely given for the purpose of information. 

05-19-2008 



Patent document 
01 ted in search report 


Publication 

date 


Patent family 
members) 


Publication 

date 


US 5292936 


A 


08-03-1994 


AT 


160770 T 


15-12-1997 






AT 


163403 T 


15-03-1998 






AU 


673260 B 


31-10-1996 






AU 


6627294 A 


08-11-1994 






BR 


9405924 A 


12-12-1995 






CA 


2121020 A 


13-10-1994 






CA 


2159828 A 


27-10-1994 






CN 


1120835 A.B 


17-04-1996 






DE 


69407082 D 


15-01-1998 






OE 


69407082 T 


02-07-1998 






DE 


694G8662 0 


02-04-1998 






DE 


69408662 T 


24-09-1998 






DK 


694030 T 


28-09-1998 






EP 


0620209 A 


19-10-1994 






EP 


O69403O A 


31-01-1996 






ES 


2113648 T 


01-05-1998 






GR 


3026591 T 


31-07-1998 






JP 


2599570 B 


09-04-1997 






JP 


7002730 A 


06-01-1995 






KR 


174786 B 


01-04-1999 






NZ 


265493 A 


28-10-1996 






WO 


9424091 A 


27-10-1994 






US 


5367112 A 


22-11-1994 






US 


5739390 A 


14-04-1998 


EP 0623209 


A 


19-10-1994 


US 


5292936 A 


08-03-1994 






US 


5367112 A 


22-11-1994 






AT 


160770 T 


15-12-1997 






AT 


163403 T 


15-03-1998 






AU 


673260 B 


31-10-1996 






AU 


6627294 A 


08-11-1994 






BR 


9405924 A 


12-12-1995 






CA 


2121020 A 


13-10-1994 






CA 


2159828 A 


27-10-1994 






CN 


1120835 A, 8 


17-04-1996 






DE 


69407082 D 


15-01-1998 






DE 


69487082 T 


02-07-1998 






DE 


69468662 D 


02-04-1998 






DE 


69408662 T 


24-09-1998 






DK 


694030 T 


28-09-1998 






EP 


0694030 A 


31-01-1996 






ES 


2113648 T 


01-05-1998 






GR 


3026591 T 


31-07-1998 






JP 


2599570 B 


09-04-1997 






JP 


7002730 A 


06-01-1995 






KR 


174786 8 


01-04-1999 



u For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



11 




EPO FORM P0469 



EP1 087114A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 00 11 3545 



This amai bsta the patent family member* relating to the patent document! cited In the above-mentioned European oearoh report. 
The members are os contained in the European Patent Office EDP file on 

The European Patent Office is in no way table tor these particulars which ore merely given for the purpose of information. 

05-10-2000 



Patent document 
cited in search report 


Publication 

date 


Patent family 
members) 


Publication 

date 


EP 8620209 


A 


NZ 


265493 A 


28-10-1996 






WO 


9424091 A 


27-10-1994 






US 


5739398 A 


14-04-1998 


WO 9206069 


A 


16-84-1992 


ES 


2831412 A 


01-12-1992 






AT 


123760 T 


15-06-1995 






AU 


634183 B 


11-02-1993 






AU 


8666391 A 


28-04-1992 






BR 


9185914 A 


18-11-1992 






CA 


2878176 A 


05-04-1992 






DE 


69118447 0 


20-07-1995 






DE 


69110447 T 


25-01-1996 






DK 


504381 T 


30-10-1995 






EP 


0504381 A 


23-09-1992 






ES 


2874732 T 


16-09-1995 






HK 


1087139 A 


01-04-1999 






JP 


7047125 B 


24-05-1995 






JP 


5500475 T 


04-02-1993 


US 2384817 


A 


18-09-1945 


NONE 






US 4782183 


A 


01-11-1988 


JP 


1053863 B 


15-11-1989 






JP 


1567316 C 


10-07-1990 






JP 


60078948 A 


04-05-1985 






JP 


1053864 B 


15-11-1989 






JP 


1567317 C 


10-07-1990 






JP 


60078949 A 


04-05-1985 






JP 


1053865 B 


15-11-1989 






JP 


1567318 C 


10-07-1990 






JP 


60097945 A 


31-05-1985 






JP 


1053866 8 


15-11-1989 






JP 


1567319 C 


10-07-1990 






JP 


60100545 A 


04-06-1985 






68 


2148287 A,B 


30-05-1985 


EP 0513396 


A 


19-11-1992 


AU 


634918 8 


64-03-1993 






AU 


8913091 A 


25-06-1992 






CA 


2074486 A 


28-05-1992 






DE 


69120666 D 


66-08-1996 






DE 


69120660 T 


31-10-1996 






DK 


513396 T 


29-07-1996 






ES 


2089493 T 


01-10-1996 






W0 


9209559 A 


11-06-1992 






JP 


2939335 B 


25-08-1999 






KR 


9709569 B 


14-06-1997 






MX 


9102823 A 


01-06-1992 



For more details about this annex : see Official Journal of the European Patent Office, No. 12/92 



12 








EPO K3KW P0458 



EP 1 067 114 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 00 11 3545 



This annex lots the patent family members relating to the patent documents cited in the above-mentioned European search report 
The members are os contained in the European Patent Office EDP file on 

The European Patent Office is in no way 6 able tor these particulars which are merely given for the purpose of information. 

05-10-2000 



Patent document 
ofted in search report 


Publication 

date 


PatBit family 
members) 


Publication 

date 


EP 6513396 


A 




us 


5220054 A 


15-66-1993 








jp 


2968164 B 


25-16-1999 








OP 


4342549 A 


30-11-1992 


EP 6502167 


A 


69-09-1992 


ES 


2022044 A 


16-11-1991 








BR 


9106177 A 


16-03-1993 








DE 


69110444 D 


20-67-1995 








D E 


69110444 T 


25-01-1996 








HK 


1007138 A 


01-04-1999 








AT 


123759 T 


15-06-1995 








AU 


638175 B 


17-06-1993 








AU 


8615791 A 


15-04-1992 








CA 


2069461 A 


26-03-1992 








DK 


562167 T 


33-10-1995 








EG 


19486 A 


29-66-1995 








WO 


9285144 A 


62-04-1992 








ES 


2674728 T 


16-09-1995 








JP 


5562466 T 


28-04-1993 








US 


5225592 A 


06-67-1993 


WO 9317787 


A 


16-09-1993 


NONE 







For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



13 







